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L Introduction. 

In the Bafcerian Lecture which I had the honour of present- 
ing to the Royal Society last year,^ I described a number of de- 
compositions and chemical changes produced in substances of 
known composition by electricity, and I ventured to conclude 
from the general principles on which the phenomena were 
cipablecrf* being explained, that the new methods of investi- 
gaion promised to lead to a more intimate knowledge than 
had hitherto been obtained^ concerning the true elements of 
bodies. 
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This conjecture/then sanctioned only by strong analogies^ 
I am now happy to be able to support by some Gonclusive 
facts, lii the course of a laborious experimental applicatfen 
of the powers of electro-chemical analysis, to bodies which 
have appeared simple when examined by common chemical 
agents^ or which at least have never been decomposed, it has 
been my good fortune to obtain new and singular results. 

Such of the series of experiments as are in a tolerably 
mature state, and capable of being arranged in a connected 
order, I shall detail in the following sections, particularly 
those which demonstrate the decomposition and composition 
of the fixed aifaiies, and the production of the new andiieicB 
traordinary bodies which constitute thMrbasnilii 

In speaking of novel methods of investigation, I shall not 
fear to be minute. AVhen the coriimoii meaiis of cheriiical 
research have been employed, I shall niefltiorrferily results. A 
historical detail of the progress of the investigation^ of all thm 
difficulties that occurred, and of the mariner in which they 
were overcome, and of all the manipulations employed, 
would far exceed the hmits assigned to this Lecture. It is 
proper to state, however, that when generial fkcts are men- 
tioned, they are such only as have been deduced from pro- 
cesses carefully performed and often repeated. 

II. On the Methods used for the Decomposition (f i^e Jixed 

Alkalies, 

The researches I had made on the decomposition of aqids, 
and of alkaline and earthy neutral compounds, proved that 
the powers of electrical decomposition were pro poa'tional to 
the strength of the opposite electricities in the circuit, and 
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to the conducting power and degree of concentration of the 
materials employed. 

In the first attempts, that I made on the decomposition of 
the fixed alkalies, I acted upon aqueous solutions of potash 
and soda, saturated at common temperatures, by the highest 
electrical power I could command, and which was produced 
by a combination of Voltaic batteries belonging to the Royal 
Institution, containing 24 plates of copper and zinc of 1 a inches 
square, 100 plates of 6 inches, and 150 of 4 inches square, charg- 
ed with solutions of alum and nitrous acid ; but in these cases, 
though there was a high intensity of action, the water of the 
solutions alone was affected, and hydrogene and oxy gene dis- 
engaged with the production of much heat and violent effer- 
vescence. 

The presence of water appearing: thus to prevent any de- 
composition. I used poush in igneoL fusion. By means of a 
Stream of oxygene gas from a gasometer applied to the flame 
of a spirit lamp, which was thrown on a platina spoon contain- 
ing potash, this alkali was kept for some minutes in astrong 
red heat, and in a state of perfect fluidity. The spoon wasr 
preserved in communication with the positive side of the battery 
of the power of 100 of 6 inches, highly charged ; and the con- 
nection from the negative side was made by a platina wire. 

By this arrangement some brilliant phenomena were pro- 
duced. The potash appeared a conductor in a high degree, and 
as long as the communication was preserved, a most intense 
light was exhibited at the negative wire, and a column of 
flame, which seemed to be owing to the developement of 
combustible matter j arose from the point of contact. 

When the order was changed, so that the platina spoon 
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was made negative, a vivid and constant light appeared at the 
opposite point : there was no effect of inflammation round 
it ; but aeriform globules, which inflamed in the atmosphere, 
rose through the potash. 

The platina, as might have been expected, was consider- 
ably acted upon ; and in the cases when it had been negative, 
in the highest degree. 

The alkali was apparently dry in this experiment ; and it 
seemed probable that the inflammable matter arose from its 
decomposition. The residual potash was unaltered ; it con- 
tained indeed a number of dark grey metallic particles, but 
these proved to be derived from the platina. 

I tried several experiments on the electrization of potash 
rendered fluid by heat, with the hopes of being able to collect 
the combustible matter, but without success ; and I only 
attained my object, by employing electricity, as the common 
agent for fusion and decomposition. 

Though potash, perfectly dried by ignition, is a noncon- 
ductor, yet it is rendered a conductor, by a yery slight 
addition of moisture, which does not perceptibly destroy its 
aggregation ; and in this state it readily fuses and decom- 
poses by strong electrical powers. 

A small piece of pure potash, w hich had been^ exposed for 
a few seconds to the atmosphere, so as to give conducting 
power to the surface, was placed upon an insulated disc of 
platina, connected v^ith the negative side of the battery of 
the power of 250 of 6 and 4, in a state of intense activity; 
and a platina wire, communicating with the positive side, was 
brought in contact with the upper surface of the alkali. The 
whole apparatus was in the open atmosphere. 
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Under these circumstances a vivid action was soon ob-- 
served to take place. The potash began to fuse at both its 
points of electrisation. There was a violent effervescence at 
the upper surface ; at the lower, or negative surface, there 
was no liberation of elastic fluid ; but small globules having a 
high metallic lustre, and being precisely similar in visible 
characters to quicksilver, appeared, some of which burnt 
with explosion and bright flame, as soon as they were formed, 
and others; remained, and were merely tarnished, and finally 
covered by a white film w^hich formed on their surfaces. 

These globules, numerous experiments soon shewed to be 
the substance I was in search of, and a peculiar inflammable 
principle the basis of potash. I found that the platina was in 
no way conrlected with the result, except as the medium for 
exhibiting the electrical powers of decomposition ; and a sub- 
stance of the same kind was produced when pieces of copper, 
silver, gold, plumbago, or even charcoal were employed for 
com pleating the circuit. 

The phenomenon was independent of the presence of air ; 
I found f hat it took place when the alkah was in the vacuum 
of an exhausted receiver. 

The substance was likewise produced from potash fused by 
means of a lamp, in glass tubes confined by mercury, and 
furnished with hermetically inserted platina wires by which 
the electrical action was transmitted. But this operation could 
not be carried on for any considerable time ; the glass was 
rapidly dissolved by the action of the alkali, and this sub- 
stance soon penetrated through the body of the tube. 

* Soda, when acted upon in the same manner as potash, ex- 
hibited an analogous result ; but the decomposition demanded 
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greater intensity of action in the batteries, or the alkali was 
required to be in much thinner and smaller pieces. With the 
battery of joo of 6 inches in full activity I obtained good 
results from pieces of potash weighing from 40 to 70 grains, 
and of a thickness which made the distance of the electrified 
metallic surfaces nearly a quarter of an inch ; but with a 
similar power it was impossible to produce the effects of 
decomposition on pieces of soda of more than 15 or 20 grains 
ill weighty and that only when the distance between the wires 
was about ^ or -^ of an inch. 

The substance produced from potash remained fluid at the 
temperj^ture of the atmosphere at the tinie of its production ; 
that from soda, which was fluid in the degree of heat of the 
alkali during its formation, became solid on, cooling, and ap- 
peared having the lustre of silver. 

When the power of 250 was used, with a very high charge 
for the decomposition of soda, the globules often burnt at the 
moment of their formation, and sometimes violently ex- 
ploded and separated into smaller globules, which flew with 
great velocity through the air in a state of vivid combustion, 
producing a beautiful effect of continued jets of fire. 

III. Theoty of the Decomposition of the fixed Alkalies j their 

Composition, and Production. 

As in all decompositions of compound substances which I 
had previously examined, at the same time that combustible 
bases were developed at the negative surface in the electrical 
circuit, oxygene was produced, and evolved or carried into 
combination at the positive surface, it was reasonable to con- 



qf thejixed Alkalies. 7 

elude that this substance was g'enerated in a similar manner 
by the electrical action upon the alkalies ; and a number of 
experiments made above mercury, with the apparatus for ex- 
cluding external air, proved that this was the case. 

When solid potash, or soda in its conducting state, was in- 
duded in glass tube, furnished with electrified platina wires, 
the new isubstances were generated at the negative surfaces ; 
the gas given out at the other surface proved by the most 
delicate examination to be pure oxygene ; and unless an 
excess of water was present, no gas was evolved from the 
negative surface. 

In the synthetical experiments, a perfect coincidence like- 
wise will be found, 

I mentioned that the metallic lustre of the substance from 
potash immediately became destroyed in the atmosphere, and 
that a white crust formed upon it. This crust I soon found 
to be pure potash, which immediately deliquesced, and new 
quantities were formed, which in their turn attracted moisture 
from the atmosphei^ till the whole globule disappeared, and 
assumed the form of a saturated solution of potash;* 

When globules were placed in appropriate tubes containing 
common air or oxygene gas confined by mercury, an absorp- 
tion of oxygene took place ; a crust of alkali instantly formed 
upon the globule; but from the want of moisture for its 

♦ Water likewise is decomposed in the process. We shaU hereafter see that tlie 
bases of the fixed alkalies act upon this substance with greater energy than ^hy other 
known bodief , The minute theory of the oxydation of the bases of the alkalies in the 
fircc air, is this :— oxygene gas is first attracted by them, and alkali formed. This 
alkali speedily absorbs water. This water is again decomposed. Hence; during tM 
conversion of a globule into alkaline solution, there is a constant and rapid disen* 
gagement of small quantities of gas. 
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solution, the process stopped, the interior being defended 
from the action of the gas. 

With the substance from soda, the appearances and effects 
were analogous. 

When the substances were ^strongly heated, confined Jn 
given portions of oxygene, a rapid combustion with^ bril- 
liant white flame was produced, and the metallic globules 
were found converted into a white and solid mass^ which in 
the case of the substance from potash was found to be potash, 
and in the case of that from soda, soda. 

Oxygene gas was absorbed in this operation, and nothing 
emitted which affected the purity of the residual air. 

The alkalies produced were apparently dry, or at least 
contained no more moisture than might well be conceived 
to exist in the oxygene gas absorbed ; and their weights 
considerably exceeded those of the combustible matters 
consumed. 

The processes on which these conclusions are founded 
will be fully described hereafter, when the minute details 
which are necessary will be explained, and the proportions 
of oxygene, and of the respective inflammable substances 
which enter into union to form the fixed alkalies, will be 
given. 

It appears then, that in these facts there is the same evidence 
for the decomposition of potash and soda into oxygene and 
two peculiar substances, as there is for the decomposition of 
sulphuric and phosphoric acids and the metallic oxides into 
oxygene and their respective combustible bases. 

In the analytical experiments, no substances capable of 
decomposition are present but the alkalies and a minute 
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portion of moisture ; which seems in no other way essential 
to the result, than in rendering them conductors at the 
surface : for the new substances are not generated till the inte- 
rior, which is dry, begins to be fused ; they explode when in 
rising through the fused alkali they come in contact with the 
heated moistened surface; they cannot be produced from 
crystallized alkalies, which contain much water ; and the 
effect produced by the electrization of ignited potash, which 
contains no sensible quantity of water, confirms the opinion 
of their formation independently of the presence of this 
fiubstahce. 

The combustible bases of the fixed alkalies seem to be 
repelled as other combustible substances, by positively elec- 
trified surfaces, and attracted by negatively electrified sur- 
faces, and the oxygene follows the contrary order ;* or the 
oxygene being naturally possessed of the negative energy, 
and the bases of the positive, do not remain in combination 
when either of them is brought into an electrical state 
opposite to its natural one. In the synthesis, on the contrary, 
the natural energies or attractions come in equilibrium with 
eiach other ; and when these are in a low state at common 
temperatures, a slow combination is effected ; but when they 
are exalted by heat, a rapid union is the result ; and as in other 
like cases with the production of fire. — A number of circum- 
stances relating to the agencies of the bases of the alkalies will 
be immediately stated, and will be found to off^er confirma- 
tions of these general conclusions. 

• See Bakerian Lecture i8o6, page 28 Phil, Trans, ftr 1807. 
MDCCCVIII. C 
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IV. On the Properties and Nature of the Basis of Potash, 

After I had detected the bases of the fixed alkalies, I had 
considerable difficulty to preserve and confine them so as to 
examine their properties, and submit them to experiments ; 
for, like the alkahests imagined by the alchemists, they 
acted more or less upon almost every body to which they 
were exposed. 

The fluid substance amongst all those I have tried, on 
which I find they have least effect, is recently distilled 
naphtha.^ — In this material, when excluded from the air, they 
remain for many days without considerably changing, and 
their physical properties may be easily examined in the at- 
mosphere when they are covered by a thin film of it. 

The basis of potash at 6c? Fahrenheit, the. temperature 
in which I first examined it, appeared, as I have already men- 
tioned, in small globules possessing the metallic lustre, opacity, 
and general appearance of mercury ; so that when a globule 
of mercury was placed near a- globule of the peculiar sub- 
stance, it was not possible to detect a difference by the eye. 

At Bd" Fahrenheit it is however only imperfectly fluid, 
for it does not readily run into a globule when its shape is 
altered ; at 70"" it becomes more fluid ; and at loo'^its fluidity 
is perfect, so that different globules may be easily made to run 
into one, At 50"" Fahrenheit it becomes a soft and malleable 
solid, which has the lustre of polished silver ; and at about the 
freezing point of water it becomes harder and brittle, and when 
broken in fragments, exhibits a crystallized texture, which in 
the microscope seems composed of beautiful facets of a perfect 
whiteness and high metallic splendour. 



<^J the fixed Alkalies. i x 

To be converted into vapour, it requires a temperature 
approaching that of the red heat ; and when the experiment 
is conducted under proper circumstances, it is found unaltered 
after distillation . 

It is a perfect conductor of electricity. When a spark from 
the Voltaic battery of loo of 6 inches is taken upon a large 
globule in the atmosphere, the light is green, and combustion 
takes place at the point of contact only. When a small globule 
is used, it is completely dissipated with explosion accom- 
panied by a most vivid flame, into alkaline fumes. 

It is an excellent conductor of heat. 

Resembling the metals in all these sensible properties, it is 
however remarkably different from any of them in specific 
gravity; I found that it rose to the surface of naphtha dis- 
tilled from petroleum, and of which the specific gravity was 
.861 and it did not sink in double distilled naiphtha, the 
specific gravity of which was about .770, that of water being 
considered as 1. The small quantities in which it is pro- 
duced by the highest electrical powers, rendered it very 
difficult to determine this quality with minute precision. I 
endeavoured to gain approximations on the subject by 
comparing the weights of perfectly equal globules of the 
basis of potash and mercury. I used the very dehcate balance 
of the Royal Institution, which when loaded with the quantities 
I employed, and of which the mercury never exceeded ten 
grains, is sensible at least to the —^^ of a grain. Taking 
the mean of 4 experiments, conducted with great care, its 
specific gravity at 62"* Fahrenheit, is to that of mercury 
as 10 to S23, which gives a proportion to that of water 
nearly as 6 to 10; so that it is the lightest fluid body 

C2 
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this ..'state wheE •cx)oled to 40^ FAHREM.Ht,ii|i1i:i§i^inilBiiin 

^■■Irhe dhfeiaicrf-'filititiMi^f #it^ "basis of :-p€iafii.jai^:^stilr;iifore " 
extraordinary thilii5tli§it|iiysieal^on|s. 
i'liaf e?«l3rtdf :ioeiitiope|i'-'^'i^^ 

oBtf&fteAimllftfempf a|ii^iv-th|ti::I ^. liaiecfpi^ ,ybeloM!illit^of 
Its^fiBpofeaiiomHMBll it-^-tiia,te.im|>efatiwf:jCf^^ takes 

pMce^;;aiid-tlie lptit::?m,.?of ^ a ;:bril.liaiitv' wMteiiess^and ^the/^heat 

inttese.,! MiieiTu^hf tted'^Blow in a^qnaiitity :^of o:^ygen#^ga§^=;iiot 
sufficient for J,ts complete conversion into: potash, aiiAiiifrfS^, 
teiiipei^lirf i^^tnadf f uate :to i^- iiiiampiat|Qii,^^Od^ fkHR^Ne itx, 
for::iiiftance|4ts.:tint,rchanges-..to4hat of^arred^'ferowii/andxwiien. 
thei hf atis? wthirawn,.all the- oxygene/isv found'- to^^h^^ absprbfld^^ 
andsiaftlid is-:foriiied;: ^of - a ^gr^yish ^ colour, ^%hich.^- ipar tl^ mi^- 
sislsno|;c;^tash: and-.- p^tly ^of ^the^rba^is-of ^.potasIl■^i»• m lower- 
df^teiof o%^genatioh,---arid:.#iich:t^ec^ ■by;^'Mng 

exposed to water, or by being again heated in fresh quantities 

^TOhe-,substance' \ consisting. -of .the basis-v-o|:.potash^'conihined- 
w|it^gn:^untfarrpK>p>i^ may :lii:ewise;te:^foriifed 

by fusing dry potash and its basis together under proper^ eii^ 
cuitistances:.--^he. -basis-' rapidly- loses. ife T-metallicrspleinicifiir ; 
th6 ^.two^^ fsubstancesv- unite ^ ■■mto^.--a.^:.;^mpound|r oi^ m'^w^:Mmmn^ 
ciiour-^when'' fluid, and/of -a-'^dark' greyliue v#eitiso|d|'rand, 
this ^> compound ;Soon absorbs: :lts--luH--propoittion:: 0f-;:oiy-^ 
gehevrwhen -exposed, to^ the' '^ air, '-and is ■ ^oUyh-convierted-into- 
potash^ 

And the same bo% is often formed in the analytical 



The"basis^of potash when introducediltifa|B(iixfrtlitiMciMod 
gil^^MrfMi-^'sfWitaiieoiisly with ^•^■hright':^'t^idiiiigitjiaiidcb white 
salt proving to be muriate of potash fefei?^ 

Wheh a giotele is heate# 
its point of vaporization, it seems tc) dissolve in it^ for the glo- 
biii0 diminishes Iri voliMi, tod the gaS eiptodeiiiwith alMline 
fiimfes and btig^t ligW, W^^^^ to pass into the air ; 

but by coolingv this sporitMiledus detonating pteperty is 
diestroyed/ and the basis is either wholly or principally 
dipUsitedv 

The action of the bails? ■ <3f potash on water exposed tdtlie 
afffitisphere is cfannected With sonie beautiful phertt3»ffl<Bn^C 
When Ms thrown upon ^w 
ta€t ivitfr a drop 6f water at eom 
poses "it with great' violent 

produced with hriiiant flame; and a solution of pure potashis 
the rls^ulc 

In experiments of this kind, an appearance often occurs 
simitar to that produced by the combustion of phosphnretted 
hydtogene ; a: white ring of smoke, which gradually extends 
as it rises into the air; 

When water is made to act upon the basis of potash out 
of the Contact of air and preserved by means of a glass tube 
ulnder naphtha, the decomposition is violent ; and there is much 
hep and noise; but no luminous appearance, and the gas 
evolved when examined in the mercurial or water pneumatic 
apparatus is found to be pure hydrogene. 

hen ^ ^obule of the basi^ of potash is placed updn ice it 
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instantly bums with a bright flume^ mi a deep lide;is made 
in the |ce, which is; found to contaiit a solution^ potash^ 

The theory of the action of the basis of potaeh^^^^ti^ ^#ater 
exposed to the atmosphere^ though complicated changed oticur^ 
is far ^ from -beihg. /obscure. .:,Thephenoiiieiia:':jseeiB to^^depend 
on;:the;rStrf)ng/attractionSiOf the.basisufe^ df^4he 

potash formtd ::|or;i water^ vPCha. heat^^ B^ip^^two 

caiiff s^^id§©Mip0siioto gtid^j«robimti<|Pf |e^:B^ Iptinse 

to produce the inflammation. WaterM a bM OMnAictor of heat^^ 
the ,gio]buleaSwiinp tEpased^:tQ^ air^ j;::ai,paitiOi#p-thef e-is^ ^^the 
greafea^'reasoitte^^^believes^ ii^,dissol¥e# by l^he<heated^naacent 
hydrogene ;aGd}tMs substance bein§;cap^^ of spQiritaiiebus 
inflapniatiijni explodes^ and Gonam?uiiicatief ; the effect of *im- 
bustion to any of the basis that m^bfe yet iincorabiiiidy 

y^krn^ globule confined, out of the conttcfe pfrair iis/aeted 
upo%by.^ater,; the theory, of .^idecoiipoMtioniisrfparyi^Mttf 1%, 
tb§;|ieat ::,produeed: ia; rapidly. car4qdi8Cii|iso:^ Ai*/ttei^t4# 
Ignition J and a high temperature befeg requisite Efbrthf Voli- 
tion of the basis in hydrogene this combination lirobably^d^ 
not take place^ or at least it can ha^e a momtehtkyieEillene^ 

only. 
The production of alkali in the decompositions df "^iteir >by 

the basis of potash is demonstrated in a very siilpy Md 
satisfactory manner by droppng a globule of it cup5 
tened paper tinged with turmeric. At the moment Ihitf the 
globule comes into contact with the water, it bunis|ted itiSvea 
rapidly upon the paper, as if in search of meitture^ fei#ng 
behind it a deep reddish brown trace, and acting lipofi the |Mper 
precisely as dry caustic potash. 
- So strong istherattractioniof^-the basirof fotisfefop'oiygehe^ 
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and sa great the energy of itsl action upon watet*^thS it di^^ 
coversi aiyti deeoinp&se^ the small quantities df^ water eon- 
tained in alcohol and ether^ even w^ aipe #iMMly 

puri§e4; ^ 

1% ether thiB decomposition is connected with ah instructive 
result, Potash is insoluble in this fluid ; and v^hien the hasis 
of potash is thrown into it^ oxygene is furnished to it^ and 
hydrogenegas disengagedyand the alkali as itfto 
the ftherwikiter and turbid. 

Ina both these inflammable com pounds the enii^y of itai 
acfea is piopbrtional to the quantity of water they c^ontaihi 
puishy^ln^^ne and potash are the constant result. 

l^iecbtfiiio^^ when thrown into soluti^is of the iSiiP 

ral acids^ inflames and burns on^ the surface; When it ii 
pluiiged by proper means beneath the surface envfeldped 
in! fptlshpmirrounded by naphtha, it ac ts upon the oxygeie 
w|thrtlM;gtealfitcint€tosi^^^^^^ all its effects are such as itiay 
btf c^^^lained 1^ for this substance; lH 

sulphif lie iddi a wMte salin substance with a yellow coating^ 
whiAikAprobaWyasulphate of potash surrounded by sulphur, 
and a gas which has the smell of sulphureous acid, and which 
proh^ly is at mixture of that substance with hydrogerie gas, 
ar^ foipiid. In nitroua acid, nitrous gas is disengaged, arid 
nitrate of fpotBsh formed. 

Tlie basis of potash readily combines with the simple inflam- 
mable y^olidsyaiid with the metals; with phosphorus and 
sulphur, it forms compounds similar to the metallic phos- 
phurets and ^ulphurets* 

When it is brought in contact with a piece of phosphorus, 
and pressed u|)on> there is a considerable action: they become 
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fluid together, burn, and produce phosphate of potash- When 
the experiment is made under naphtha, their, combination takes 
place without the liberation of any elastic matter, and they, 
form a compound which has a considerably higher point of 
fusion than its two constituents, and which remains a soft solid 
in boiling naphtha. In its appearance it perfectly agrees with 
a metallic phosphuret, it is of the colour of lead, and when 
spread out, has a lustre similar to poHshed lead. When 
exposed to air at common temperatures^ it slowly combines 
with oxygene, and becomes phosphate of potash. When 
heated upon a plate of platina, fumes exhale from it, and it 
does not burn till it attains the temperature of the rapid com?- 
bustion of the basis of potash. 

When the basis of potash is brought in contact with sul- 
phur in fusion, in tubes filled with the vapour of naphtha^ they 
combine rapidly with the evolution of heat and light, and a 
grey substance, in appearance like artificial sulphuret of iron, 
is formed, which if kept in fusion, rapidly dissolves the glass, 
and becomes bright brown. When this experiment is made 
in a glass tube hermetically sealed, no gas is liberated if 
the tube is opened under mercury ; but when it Is made in a 
tube connected with a mercurial apparatus, a small quantity of 
sulphuretted hydrogene is evolved, so that the phenomena 
are similar to those produced by the union of sulphur with the 
metals in which sulphuretted hydrogene is likewise disengaged, 
except that the ignition is stronger.* When the union is effected 

• The existence of hyclrogene in sulphur, is rendered very probable by Iho ingentoui 
researches of M. BerthoUet Jun. Annates de Chimic, Fevrier 1807 page 143. The fact is 
almost demonstrated by an experiment which I saw made by W. Ciay field, Esq. at Bristol, 
in 1799» Copper filings and powdered sulphur, in weight in the proportion of three 
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in the atmosphere, a great inflammation takes place, and sul- 
phuret of potash is formed. The sulphuretted basis likewise 
gradually becomes oxygenated by exposure to the air, and is 
finally converted into sulphate. 

The new substance produces some extraordinary and beau- 
tiful results with mercury. When one part of it is added to 
8 or 10 parts of mercury in volume at 60° Fahrenheit, they 
instantly unite and form a substance exactly like mercury in 
colour, but which seems to have less coherence, for small 
portions of it appear as flattened spheres. When a globule 
is made to touch a globule of mercury about twice as large, 
they combine with considerable heat ; the compound is fluid 
at the temperature of its formation ; but when cool it appears 
as a solid metal, similar in colour to silver. If the quantity of 
the basis of potash is still farther increased, so as to be about 
■j^th the weight of the mercury, the amalgam increases in 
hardness, and becomes brittle. The solid amalgam, in which 
the basis is in the smallest proportion, seems to consist of 
about 1 part in weight of basis and 70 parts of mercury, and 
is very soft and malleable. 

When these compounds are exposed to air, they rapidly 
absorb oxygene ; potash which deliquesces is formed ; and in 
a few minutes the mercury is found pure and unaltered. 

When a globule of the amalgam is thrown into water, it 

to one rendered very dry, were heated together in a retort, connected with a mercurial 
pneumatic apparatus. At the moment of combination a quantity of elastic fluid was 
liberated amounting to 9 or lo times the volume of the materials employed, and which 
consisted of sulphuretted hydrogene mixed with sulphureous acid. The first men- 
tioned product, there is every reason to believe, must be referred to the sulphur, the 
last probably to the copper, which it is easy to conceive may have become slightly 
and superficially oxidated during the processes of filing and drying by heat. 
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T^^''^cmTi^meB'^\i with ^'a^ hissing noise-; potash is foriBed^ 
piiri hydrogeMediseof aged, and thei mercury remains fref | 

The fluid amalgam of mercury and this substance dif f^JcVps 
M the nietarls Iliave exp^ to it ; and in this stale x^f iifion, 
mercury ■ acts "on a r on :■ and platin a. ^ 

When the basis of potash is heated with gold^pr silyei^^ or 
copper^ lit a cl§s# vessel of pure glass, it rapidly acts ijpon 
theiii; and ^^heiS the compounds are thro wiijntQil^^ $hls 
imd is decoinpdsed^ potash formed, and^^^^^t^ 
be ■separated- ^unaltered. 

The basis of potash combines with fusible metaUanclfo^ 
an alloy Withity which has a higher point of fusieicJlMll the 
fusible mfetaL 

The action of the basis of potash upon the inflammabkc)^^ 
Gompouiid bodies, confirms the other iactsi of the istrf®g|:h,f f 
its attraction for oxygene. 

On naphtha colouiiess and reeehtiy diatiU^jir^gJ h^yfyftl- 
ready said, it has very little power of action; ji but in naphtjp 
that has been exposed to the air it soon oxidate^^ an4 alkah^^ 
forrned, which unites with the naphtha into a biX)^vmriSQapith at 
collects round the globule. 

On the concrete oils (tallow, spermacetiyWaXi for instan<^), 
when heated, it acts slowly, coaly matter is deposited, a little 
gas^ is evolved, and a soap is formed ; but in these p§es it is 

* When a globule of the basis of potash is introduced into any of the fixed oils 
heated, the first product is pure hydrogene whieh arises from the decomposition of the 
water absorbed by the crust of potash during the exposure to the atmosphere. The 
gas evolved, when the globule is freed from this crust, I have found to be carbo- 
mated hydrogene requiring more than an equal bulk of oxygene gas for its complete 
saturation by explosion. I have made a great number of experiments, which it would 
be foreign to the object of this lecture to give in minute detail^ on the agencies of the 



alkali is formed, a small quantity of gas is evolved^ aiid c^^ 

ibal-ft^deposiltd^^ 

Wfieii^ tfe#%asts :^<!)f .fiiitash;is:;thi!o^ii:iiito campliOFvinvfusiGB^ 
the camphor soon bect)ffles blaoken«d, no gas i^^ liberated in 
Ihi^^^pwess of decomposition/ :■ and:f#r-tapotiaaeom:Oom 
is formed; which seems to shew that camphor coniajiiis more 
My'geli#'thail'^ ttoe.^ ^oditilfe oik.. 

Thiifeasis of potash readily redticeif metallic oiides when 
heated in contact with them. When a small quantity of the 
IMd^^ lilM was hfeite^^ to a temperature appro^cjhing 

ifc^^pHlif %f^ itslMiiii^ liiere was a. vivid action ; alkali mA 
grey metallic particles^ which di^salyed with efervescence in 
^Mutiatlc add,^^ip|)l^ii^idv;TFh©0Bd of lead -and theoi:ides,of tin 
#irprevivid-killv|iiw^i and: when the basis of potash 

was^'fe I^Liessy^iif^illoy ^was^ formed with the reviv6d.:,in>etak ; 

decomposes flint glas^i and green glass, by a gentle h§at; 

iiMii-iS Mni^lilely -^^ferwid by oxygelle^ from th^, oxide^^ 
^tt#idis^Gi^?ei the glass, and a new surface is soon exposed 
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basis of potash on the oils. Some aooslalbs oeeiirred which led to the inquiiy^ and the- 
result was perfectly conclusive. Oliveoil, oi4 of tiirp€ntk«> and naphtha when decom« 
posed by heat, exhibited as products different proportions of charcoal^ heavy infiara- 
mable gas, empyreumatic oily matter, and water, so that the existence of oxygene in 
them was fully proved ; and accurate indications of the proportions of their elements 
might be gained by their decomposition by the basis of potash. Naphtha of all fur» 
nlsiied least water and carbonic acid, and oil of turpentine the most. 
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At a red heat, even the purest glass is altered by- the basis 
of potash: the dxygcne in the alk:a!i ofth0^iy#''s#iiis%o be 
ditiiei betwe^n^#!6-two'^^-bases,^- the^ basis^^^oi potasteikirf'lhe 
allcalifi^'^ 'bai§^ 1n-^the^giass^-' and- ' oxides, -in^^^^ 
oxygenation, ^ire-ih^ -result; -When ' -the ^^ "basis '-g^-^ -potash^m- 
heated- in tubes "made 'of plate glass ■ filled :witb the-: vapour^ of 
naphthaj it-irst^^aets upon- the- ^s-mall- ■quantity of ^the^oxideaM 
dobaif ^and ^manganese in ^the' interior^surfaee>Qf theiglass^;;andi- 
a ^ portion- of -alkaH^ is'formed'. --As- the heat approaches:; io :red*: 
ness^ it"- begins to'rise in vapour^-and condenses in 'the :^ colder- 
parts of the tube ; but at the point where the heatis strongest^ 
a part of the vapour seems to penetrate the glass,! rendering 
it of a deep red brown colour; and by repeatedly distilling 
and heating the substance in a close tube of this kind, it inally 
loses its metalHc form, and a thick brown crust, which slowly 
decomposes water, and which combines with oxygene when 
exposed to air forming alkali, lines the interior of the tubep 
and in many parts is found penetrating through its substance.^ 

In my first experiments on the distillation of the basia of 
potash, I had great difficulty in accounting for these pheno- 
mena ; but the knowledge of the substance it forms in its first 
degree of union with oxygene, afforded a satisfactory expla- 
nation. 

* TMs is the obvious explanation in the present state of our knowledge i but it 
is more than probable that the silex of the glass likewise suffers some change, and 
probably decomposition. This subject I hope to be able to resume on another oeca- 

■sion. 
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5., .-Qm the BrnprUes mid, NaMire xrf the Basis of Soda. 

The basis of fedgi, as I have already mentioned-^ i;^ p, solid 
at>common;' teiipffFatures.^ , ■; It is- wliite^.^:opaqiie,.and when . 0;xh 
amin^d iinder a film of naphtha,^^ h and general 

appeamnce of Silver, It is exceedingly malleable^ and is much 
softer thani any of the common metallic substances. When 
pressediipon by a platina blade, with a small force, it spreads 
into thin lea ves, and a globule of the ~th or -j%th of an inch 
in diameter is easily spread over a surface of a quarter of an 
inch,^ and this property does not diminish when it is cooled 
to 3BhF-ahrenheit. 

It conducts electricity and heat in a similar manner to the 
basis of potash j and small globules of it inflame by the voltaic 
electrical spark j and burn with bright explosions. 

Its specific gravity is less than that of water. It swims in 
oil of sassafras of 1 .096, water being 1, and sinks in naphtha 
of specific gravity .861 . This circumstance enabled me to 
ascertain the point with precision. I mixed together oil of 
sassafras and naphtha^ which combine very perfectly, observ- 
ing the proportions till I had composed a fluid, in which it 
remained at rest above or below ; and this fluid consisted of 
nearly twelve parts naphtha, and five of oil of sassafras, which 
gives a specific gravity to that of water, nearly as nine to 
ten, or more accurately as .9348 to 1. 

The basis of soda has a much higher point of fusion than 
the basis of potash ; its parts begin to lose their cohesion at 

* Globules may be easily made to adhere and form one mass by strong pressure : 
so that the property of welding, which belongs to iron and platina at a white heat 
only, is possessed by this subata^ce at common temperatures. 
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about 120'' Fahrenheit, and it is a perfect fliiici at aBdut iSo®, 
so that it readily fiises imd^r boiling iiapHtlia. 

I have not yet beeil able to ascertain at What degr^i of ffiW 

it is volatile * but ft remains fixed in a state 6f ia*iiiiti8it af 1:!ii 

- , , *^ 

point of fusion of plate glass. 

The chemical phenomena produced by the basis of sadk^ ai^i 
analogous to those produced by the basis of potash ; but With 
such characteristic differences as might be well expected. 

When the basis of soda is exposed to the atmosphere, it 
immediately tarnishes, and by degrees beteoifte^ covei'ed With 
k white cr^i^,wMcfide much mtt'e slowfy thah thy 

substance which forms on the basis of p6tash. It proves, 6h 
ttiinute examihatidn, to be pure sbd^. 

The basis of soda combines with diy^ene Mdwly, and 

without luminous appearance at all common timp^MMrbil 

*- , 

and when heated, this combination becomes more rapid ; but 
no If^ht is emitted till it has acquired a temperature nearly 
that of ignition. 

The flame that it produces in oxygene gas is white, and it 
$enM forth bright sparks, occasioning a veiy teatttff ul elftfct^ 
in common air, it burns with light of the Colour of that pro- 
duced during the combustion of charcoal, but much brighlfer. 

The basis of soda when heated in hydrogene, seeitifedtd 
have ho action upon it. When introdeced into oxymtrriatie 
acid gas, it burnt vividly with numerous scintillatiohs of a 
bright red colour. Saline matter was fbrmed in this cdfiibii^-- 
tion, which, as might have been expected, proved to be mti-- 
riate of soda. 

Its operation upon water offers most satisfactory evidence 
of its nature. When thrown upon this? fluid, it produces 
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violent effervescence, #^^ a loud hissing noijSQ ^ it jComMnes 
with the oxygengQC, the /water to form spda^Avh 
solvieil^, andvits ^Ji^drogene,^. is. disengaged... .,In;^-thi^,flf^eration 
there is jiphimipous appear ; and it seems j prohable tipt 
even in the nascent state hydrogene is incapahle qf comhining 
with, it.* 

lichen the ba^is of soda is thrown into hot water, the de- 
composition is more violent^ and in this case a iev^ scintilla- 
tbnsi are generally observed at the surface pf the fluid ; but 
this is owing to small particles of the basi^j which are thrown 
out of the water sufficiently heated, to burn in passing through 
the atpiQsphere. "V^hen, however, a globule p brought in 
contact with a small particle of water, or with moistened 
paper^ the heat produced (there being no medium to carry 
it off rapidly) is tisually sufficient for the accension of the 
bgsis. 

The basis of soda actf upon alcohol and ether precisely in 
a similar manner with the basis of potash. The water that 
they contain is decomposed ; soda is rapidly formed, and hy- 
drog^pei disengaged. 

The ba^is of soda, when thrown upon the strong acids^ acts 
upofi theiB with great energy. When nitrous acid is em- 
ployed, a vivid inflammation is produced ; with muriatic and 
sulphuric acid, there is much heat generated, but no light. 

When plunged, by proper means, beneath the surface of 
the acids, it is rapidly oxygenated ; soda is produced, and the 
other educts are similar to those generated by the action of 
the basis of potash. 

* The more volatile metals only seem capable of uniting with hydrogeBej a cir- 
comstance presenting an analogy. 
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With respect to the fixed and volatile oils and naphtha in 
their different states, there is a perfect coincidence between 
the effects of the two new substances, except in the difference of 
the appearances of the saponaceous compounds formed : those 
produced by the oxydation and combination of the basis of 
soda being of a darker colour , and apparently less soluble. 

The basis of soda, in its degrees of oxydation, has precisely 
similar habits with the basis of potash. 

When it is fused with dry soda, in certain quantities, there 
is a division of oxygene between the alkali and the base ; and 
a deep brown fluid is produced, which becomes a dark grey 
sohd on cooling, and which attracts oxygene from the aiir, or 
which decomposes water, and becomes soda. 

The same body is often formed in the analytical processes 
of decomposition, and it is generated when the basis of soda 
is fused in tubes of the purest plate glass. 

There is scarcely any difference in the visible phenomena 
of the agencies of the basis of soda, and that of potash on 
sulphur, phosphorus, and the metals. 1 ^ 

It combines with sulphur in close vessels filed with the 
vapour of naphtha with great vividness,i with light, heaty and 
often with explosion from the vaporization of a poMion of 
sulphur, and the disengagement i of sulphuretted hydrogene 
gas. The sulphuretted basis of soda is of a deep grey colour. 

The phosphuret has ;. the--; appearance ='"- of lead, ^and '^ forms 
phosphate- of soda ^ by exposure to-aif,--Or by combustion. ^ 

The basis of soda In the-quantity of ^i::renders -mercury . 
a fixed solid of the colour- of -silver, and - the ^ combination is 
attended with a considerable degree of heat. 

It makes an alloy with tin, without changing its colour, and 



it ^at?nU|>Qn lead and p^^ heated* I have not exaralried 

it^ liaMtudeip ii^iti^ metals^ but in its state of alloy, 

it, i^. fSoopi ^py^ted into soda by exposure to airj or hj the 
aet||[|n of. jwater^ which it deqonxposes with the evolution of 

T^h^amalg^ni of mercury and the basis of soda, seems to 
fqrxn triple compounds with other metals* I have tried iron 
and platina, which I am inclined to beheve remain in com- 
bination with the mercury, when it is deprived of the new 
fubstance by exposure to air. 

V ^J^e amalgam of the basis of soda and mercury likewise 
co^tnbineSiWith sulphur and^^fo^ a triple compound of a dark 
grey colour* 

VI.' O/i the Prdpoftions of the peculiar Bases and Oxygeite in 

Potash and Soda. 

TRhe feciKty^^o^^ of the bases of the alkahes, and 

the readiness with which they decomposed water, ofiered 
means fully adequate for determining the proportions of their 
ponderable constituent parts . 

I shall mention the general methods of the experiments, 
and the results obtained by the different series, which approach 
as near to each other as can be expected in operations per- 
formed on such small quantities of materials. 

For the process in oxygene gas, I employed glass tubes 
containing small trays made of thin leaves of silver or other 
noble metals 5 on which the substance to be burnt, after being 
accurately weighed or compared with a globyle of mercury 5 

mdgc;gv«i. E 
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equal in size* was placed: the tube was small at one end, curved, 
and brought to a fine point, but suffered to remain open ; and 
the other end was fitted to a tube communicating with a 
gazometer, from which the oxygene gas was introduced, for 
neither water nor mercury could be used for filling the appa- 
ratus. The oxygene gas was carried through the tube till it 
was found that the whole of the common air was expelled. 
The degree of its purity was ascertained by suffering a small 
quantity to pass into the mercurial apparatus. The lower orifice 
was then hermetically sealed by a spirit lamp, and the upper 
part drav/n out and finally closed, when the aperture was so 
small, as to render the temperature employed incapable of 
materially influencing the volume of the gas ; and when the 
whole arrangement was made, th^ combination was effected by 
applying heat to the glass in contact with the metallic tray. 

In performing these experiments many difficulties occurred. 
When the flarne of the lamp was immediately brought to play 
upon the glass, the combustion was very vivid, so as sometimes 
to break the tube ; and the alkah generated partly rose in 
white fumes, which were deposited upon the glass. 

When the temperature was slowly raised, the bases of the 
alkalies acted upon the metallic tray and formed alloys, and 
in this state it was very difficult to combine them with their 
full proportion of oxygene ; and glass alone could not be 
employed on account of its decomposition by the alkaline 
bases ; and porcelain is so bad a conductor of heat, that it was 

• When the globules were very small, the comparison with mercury, which may be 
quickly made by means of a micrometer, was generally employed as the means of 
ascertaining the weight : for in this case the globule could be immediately introduced 
into the tube, and the weight of mercury ascertained at leisure. 
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not possible to raise it to the point required for the process, 
without softening the glass. 

In all cases the globules of the alkaline bases were carefully 
freed from naphtha before they were introduced ; of course 
a slight crust of alkali was formed before the combustion, but 
this could not materially affect the result ; and when such a 
precaution was not used, an explosion generally took place 
from the vaporization and decomposition of the film of naphtha 
surrounding the globule. 

After the combustion, the absorption of gas was ascertained, 
by opening the lower point of the tube under water or mercury. 
In some cases the purity of the residual air was ascertained, 
in others the alkali formed in the tray was weighed. 

From several experiments on the synthesis of potash by 
combustion, I shall select two, which were made with every 
possible attention to accuracy, and under favourable circum- 
stances, for a mean result. 

In the first experiment 0.12 grains of the basis were 
employed. The combustion was made upon platina, and was 
rapid and complete ; and the basis appeared to be perfectly 
saturated, as no disengagement of hydrogene took place when 
the platina tray was thrown into water. The oxygene gas 
absorbed equalled in volume 190 grain measures of quick- 
silver ; barometer being at 9.Q.6 inches, thermometer G^"" Fah- 
renheit ; and this reduced to a temperature of 60'' Fahren- 
heit, and under a pressure equal to that indicated by 30 
inches,^ would become 186.67 measures, the weight of which 

• In the correction for temperature, the estimations of Da ltd n and Gay Lussac 
are taken, which make gasses expand about :^ of the primitive volume for every 
degree of Fahrenheit, 
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would be about .0184 grains troy;* but .0184: .1S84:: 
13.29: 100; and according to this estimation ioo parts of 
potash will consist of 86.7 basis^and 13.3 oxygene nearly. 

In the second experiment .07 grains of the basis absorbed 
at temperature 63° of Fahrenheit, and under pressure equal 
to 30.1 barometer inches, a quantity of oxygene equal in 
volume to 121 grain measures of mercury, and the proper 
corrections being made as in the former case, this gas would 
weigh .01 189 grains. 

But as .07 -{- .01189= .08189 : 07 : : 100 : 85.48 nearly, 
and 100 parts of potash will consist of 85.5 of basis and 14.5 
of oxygene nearly. And the mean of the two experiments will 
be 86.1 of basis to i^,Q of oxygene for 100 parts. 

In the most accurate experiment that I made on the com- 
bustion of the basis of soda .08 parts of the basis absorbed a 
quantity of oxygene equal to 206 grain measures of mercury ; 
the thermometer being at 56° Fahrenheit ; and the barometer 
at 29.4; and this quantity, the corrections being made as 
before for the mean temperature and pressure, equals about 
.02 grains of oxygene. 

And as .08 +-02 = .10 : .08, : : 100: 80, and 100 parts of 
soda according to this estimation will consist of 80 basis to 
20 of oxygene. 

In all cases of slow combustion, in which the alkalies were 
not carried out of the tray, I found a considerable increase of 
weight, but as it was impossible to weigh them except in the 

* From experiments that I made in 1799^ on the specific gravity of oxygene gas, 
it would appear that its weight is to that of water as i to 748, and to that of quicksilver 
as I to 10142. Researches Cbem, andPbil, p. 9; and with this estimation, that dedu- 
ciblefr&m the late accurate researches of Messrs. Allen and Pepys on the Combus- 
tion of the Diamond almost precisely agrees. Phil. Trans. 1807^ page zy^. 
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atmosphere, the moisture attracted rendered the results doubt-- 
ful ; and the proportions from the weight of the oxygeiie 
-absorbed are more to be depended -on. In the experiments in 
which the processes of weighing were most speedily per- 
formed, and in which no alkali adhered to the tube, the basis 
of potash gained nearly 2 parts for 10^ and that of soda between 
3 and 4 parts. 

The results of the decomposition of water by the bases of 
the alkalies were much more readily and perfectly obtained 
than those of their combustion. 

To check the rapidity of the process, and, in the case of 
potash, to pre¥ent any of the basis from being dissolved, I 
employed the amalgams with mercury. I used a known 
weight of the bases, and made the amalgams under naphtha, 
using about two parts of mercury in volume to one of basis. 

In the irst instances I placed the amalgams under tubes 
filled with naphtha, and inverted in glasses of naphtha, and 
slowly admitted water to the amalgam at the bottom of the 
glass ; but this preca;ution I soon found unnecessary, for the 
action of the water was not so intense but that the hydrogene 
gas could be wholly collected. 

I shall give an account of the most accurate experiments 
made on the decomposition of water by the bases of potash 

and soda. 

in an experiment on the basis of potash conducted with 
every attention that I could pay to the minutiee of the opera- 
tions, hydrogene gas, equal in volume to %q% grains of mer-* 
cury, were disengaged by the action of .08 grains of the basis 
of potash which had been amalgamated with about 3 grains ^ 
of mercury. The therinoiiieter at the end of the process 
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indicated a temperature of 56"^ Fahrenhjeit, and the barometer 
an atmospheric pressure equal to 29.6 inches. 

Now this quantity of hydrogene* would require for its com- 
bustion a volume of oxygene gas about equal to that occupied 
by 154.9 grains of mercury, which gives the weight of oxy- 
gene required to saturate the .08 grains of the basis of potash 
at the mean temperature and pressure nearly .01 5i grains. 
And .08 -f- .0151= .0051 : .08 : : 100 : 84,1 nearly. 

And according to these indications 100 parts of potash con- 
sist of about 84 basis and 16 oxygene. 

In an experiment on the decomposition of water by the 
basis of soda, the mercury in the barometer standing at 
304 inches, and in the thermometer at 52° Fahrenheit, the 
volume of hydrogene gas evolved by the action of .054 
grains of basis equalled that of 336 grains of quicksilver. 
Now this at the mean temperature and pressure would 
require for its conversion into water, .0172 of oxygene, and 
.o54-f-oi72=.07i2 : .054: mod : 76 nearly; and according 
to these indications, 100 parts of soda consist of nearly 76 
basis ^ and 34 oxygene. 

In another experiment made with very great care, .052 of 
the basis of soda were used ; the mercury in the barometer 
was at 29.5 inches, and that in the thermometer at 58'' Fah- 
renheit. The volume of hydrogene evolved was equal to 
that of 302 grains of mercury; which would demand for its 
saturation by combustion, at the mean temperature and 
pressure .01549 grains of oxygene ; and 100 parts of soda, 
according to this proportion, would consist nearly of 77 basis j, 
and S3 oxygene. 

♦ Researches Cbem.^nd PbiL page 287. 
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The experiments which have been just detailed, are those 
in which the largest quantities of materials were employed ; 
I have compared their results, however, with the results of 
several others, in which the decomposition of water was 
performed with great care, but in which the proportion of 
the bases was still more minute: the largest quantity of oxy- 
gene indicated by these experiments was, for potash 17, and 
for soda 26 parts in 100, and the smallest 13, and 19; and 
comparing all the estimations, it will probably be a good 
approximation to the truth, to consider potash as composed 
of about 6 parts basis and 1 of oxy gene; and soda, as consist- 
ing of 7 basis and a oxygene, 

VII. Some general Observations on the Relations of the Bases of 

Potash and Soda to other Bodies, 

Should the bases of potash and soda be called metals ? The 
greater number of philosophical persons to whom this question 
has been put, have answered in the affirmative. They agree 
with metals in opacity, lustre, malleability, conducting powers 
as to heat and electricity, and in their qualities of chemical 
combination. 

Their low specific gravity does not appear a sufficient 
reason for making them a new class ; for amongst the metals 
themselves there are remarkable differences in this respect, 
platina being nearly four times as heavy as tellurium ;* and in 

* Tellurium is not much more than six times as heayy as the basis of soda. There 
is great reason to believe that bodies of a similar chemical nature to the bases of 
potash and soda will be found of intermediate specific gravities between them and 
the lightest of the common metals. Of this subject, I shall treat again in the text in 
some of the following pages. 
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the philosophical division of the classes of bodies, the analogy 
between the greater number of properties must dways be 
the foundation of arrangement. 

On this idea, in naming the bases of potash and soda, it will 
be proper to adopt the termination which, by common con- 
sent, has been applied to other newly discovered metals, and 
which, though originally Latin, is now naturalized in our 
language. 

Potasium and Sodium are the names by which I have 
ventured to call the two new substances: and whatever 
changes of theory, with regard to the composition of bodies, 
may hereafter take place, these terms can scarcely express 
an error ; for they may be considered as implying simply 
the metals produced from potash and soda. 1 have consulted 
with many of the most eminent sdentific persons in this 
country, upon the methods of derivation, and the one I have 
adopted has been the one most generally approved. It 
is perhaps more significant than elegant. But it was not 
possible to found names upon specific properties not common 
to both ; and though a name for the basis of soda might have 
been borrowed from the Greek, yet an analogous one could 

not have been applied to that of potash, for the ancients do not 

> 

seem to have distinguished between the two alkalies. 

The more caution is necessary in avoiding any theoretical 
expression in the terms, because the new electro-chemical 
phenomena that are daily becoming disclosed, seem distinctly 
to shew that the mature time for a complete generalization of 
chemical facts is yet far distant ; and though, in the explana- 
tions of the various results of experiments that have been 
detailed, the antiphlogistic solution of the phenomena has 
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been uniformly adopted, yet the motive for employing it has 
been rather a sense of its beauty and precision, than a convic- 
tion of its permanency and truth. 

The discovery of the agencies of the g-dsses destroyed the 
hypothesis of Stahl. The knowledge of the powers and 
effects of the etherial substances may at a future time possibly 
act a similar part with regard to the more refined and inge- 
nious hypothesis of Lavoisier ; but in the present state of our 
knowledge, it appears the best approximation that has been 
made to a perfect logic of chemistry. 

Whatever future changes may take place in theory, there 
seems however every reason to believe that the metallic bases 
of the alkalies, and the common metals, will stand in the same 
arjrangement of substances ; and as yet we have no good 
reasons for assuming the compound nature of this class of 
bodies.* 

The experiments in which it is said that alkalies, metallic 
oxides, and earths may be formed from air and water alone, 
in processes of vegetation, have been always made in an in- 
conclusive manner xf for distilled water, as I have endeavoured 

* A phlogistic chemical theory might certainly by defended, on the idea that the 
metals are compounds of certain unknown bases with the same matter as that exist- 
ing in hydrogene; and the metallic oxides, alkalies and acids compounds of the same 
bases with water ; — ^but in this theory more unknown principles would be assumed 
than in the generally recehred theory. It would be less elegant and less distinct. 
In my lirst experiments on the distillation of the basis of potash finding hydrogene 
generally produced, I was led to compare the phlogistic hypothesis with the new facts, 
and I found it fully adequate to the explanation. More delicate researches however 
afterwards proved that in the cases when inflammable gasses appeared, water, or 
some body in which hydrogene is admitted to exist, was present. 

f The explanation of Van Helmont of his fact of the production of earth in the 
growth of the willow, was completely overturned by the researches of Woodward* 
Phil. Trans* Vol. XXL page. 193. 
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to show,* may contain both salhie and metallic impregna- 
tions ; and the free atmosphere ahnost constantly holds in 
mechanical suspension solid substances of various kinds. 

In the common processes of nature, all the products of 
living beings may be easily conceived to be elicited from 
known combinations of matter. The compounds of iron, of the 
alkalies, and earths, with mineral acids, generally abound in 
soils. From the decomposition of basaltic, porphyritiCj-f and 
granitic rocks, there is a constant supply of earthy alkaline and 
ferruginous materials to the surface of the earth. In the sap of 
all plants that have been examined, certain neutrosaline com- 
pounds, containing potash, or soda, or iron, have been found. 
From plants they may be supplied to animals. And the che- 
mical tendency of organization seems to be rather to combine 
substances into more complicated and diversified arrange- 
ments, than to reduce them into simple elements. 

The conclusions which M. Braconnot has very lately drawn from his ingenious 
experiitients, Annales de Chemie, Fevrier 1S07, page 187, are rendered of little avail in 
consequence of the circumstances stated in the text. In the only case of vegetation 
in which the free atmosphere was excluded, the seeds grew in white sand, which Is sta^ 
to have heen purified by washing in muriatic acid ; but such a process was insufficient 
to deprive it of substances which might afford carbon, or various inflammable matters. 
Carbonaceous matter exists in several stones which afford a whitish or greyish powder 1 
and when in a stone, the quantity of carbonate of lime is very small in proportion to 
the other earthy ingredients, it is scarcely acted on by acids. 

* Bakerian Lecture, 1806, page 8, 

t In the year 1804, for a particular purpose of geological enquiryt I made an 
analysis of the porcelain clay of St. Stevens, in Cornwall, which results from the 
decomposition of the feldspar of fine-grained granite. I could not detect in It the 
smallest quantity of alkali. In making some experiments on specimens of the 
undecompounded rock taken from beneath the surface, there were evident indica* 
tions of the presence of a fixed alkali, which seemed to be potash. So that it Is very 
probable that the decomposition depends on the operation of water and the carbonic 
acid of the atmosphere on the alkali forming a constituent part of the chrystalUne 
matter of the feldspar, which may disintegrate from being deprived of it. 
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VIIL On the Nature of Ammonia a7id alkaline Bodies in genei^al; 
with Ohsewations on some prospects of Discovery offered by ike 
precedifig Facts. 

Ammonia is a substance, the chemical composition of which 
has always been considered of late years as most perfectly 
ascertained, and the apparent conversion of it into hydrogene 
and nitrogene, hi the experiments of Scheele, Priestley, 
and the more refined and accurate experiments of Berthollet, 
had left no doubt of its nature in the minds of the most en- 
lightened chemists. 

All new facts must be accompanied however by a train of 
analogies, and often by suspicions with regard to the accuracy 
of former conclusions. As the two fixed alkalies contain a 
small quantity of oxygene united to peculiar bases, may not 
the volatile alkali likewise contain it? was a query which 
soon occurred to me in the course of enquiry ; and in perusing 
the accounts of the various experiments made on the subject, 
some of which I had carefully repeated, I saw no reason to 
consider the circumstance as impossible. For supposing 
hydrogene and nitrogene to exist in combination with oxy- 
gene in low proportion, this last principle might easily dis- 
appear in the analytical experiments of decomposition by lieat 
and electricity, in water deposited upon the vessels employed 
or dissolved in the gasses produced. 

Of the existence of oxygene in volatile alkali I soon satisfied 
myself. When charcoal carefully burnt and freed from mois- 
ture was ignited by the Voltaic battery of the power of 250 
of 6 and 4 inches square, in a small quantity of very pure 

F 2 
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ammoniacal gas:* a great expansion of the aeriform matter 
took place, and a white substance formed, which collected on 
the sides of the glass tube eiiiployed in the process ; and this 
matter, exposed to the action of diluted muriatic acid, effer- 
vesced, so that it was probably carbonate of ammonia. 

A process of another kind offered still more decisive resultsr. 
In this the two mercurial gazometers of the invention of Mr. 
Pepys, described in No XIV. of the Phil. Trans, for 1807, were 
used with the same apparatus, as that employed by Messrs. 
Allen antl Pepys for the combustion of the diamond, and these 
gentlemen kindly assisted in the experiment. 

Very pure ammoniacal gas was passed over iron wire 
ignited in a platina tube, and two curved glass tubes were so 
arranged as to be inserted into a freezing mixture ; and 
through one of these tubes the gas entered into the platina 
tube, and through the other, it passed from the platina tube 
into the airhdlder arranged for its reception. 

The temperature of the atmosphere was g^\ but it was 
observed that no sensible quantity of \vater was deposited in the 
cooled glass tube transmitting the unaltered ammonia, but 
in that receiving it after its exposure to heat, moisture was 
very distinct, and the gas appeared in the airholder densely 
clouded. 

• The apparatus in which this experiment was made is described in page 214 
Journal of the Royal Institution. The gas was confined by mercury which had been 
previously boiled to expel any moisture that might adhere to it. The ammonia 
had been exposed to the action of dry pure potash, and a portion of it equal in 
volume to 10980 grains of mercury, when acted on by distilled water, left a residuum 
rqual to 9 grains of mercury only. So that the gas, there is every reason to believe, 
contained no foreign ariform matter; for even the minute residuum may be accounted 
for by supposing it derived from air dissolved in the water. 
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This circumstance seems distinctly to prove the formation 
of water in this operation for the decomposition of ammonia ; 
unless indeed it be asserted that the hydrqgene and nitrogene 
^^s^QS evolved hold less water in solution or suspension than 
the ammonia decomposed, an idea strongly opposed by the 
conclusions of Mr. Dalton* and the experiments of Messrs. 
Desormes and CLEMENx.-f 

After the gas had been passed several times through the 
ignited tube from one gazometer to the other, the results were 
examined. The iron wire became converted superficially into 
oxide, and had gained in weight ^^ part:^ of a grain, about ^ 
of a grain of water were collected from the cooled glass 
tubes by means of filtrating paper, and 33,8 cubic inches of 
gas were expanded iitto 55.3 cubic inches, and by detonation 
with oxy gene it was found that the hydrogene gas in these 
was to the nitrogene as 3.2. to 1 in volume. 

It will be useless to enter into the more minute details of 
this experiment, as no perfectly accurate data for proportions 
can be gained from them • for the whole of the ammonia was 
not decompQsed, and as the gas had been prepared by being 
sent from a heated mixture of sal ammoniac and quickliiine, 
into the airholder, it was possible that some solution of 
ammonia might have been deposited, which, by giving out new 
gas during the operation, would increase the absolute quantity 
of the material acted upon. 

In examining the results of'M, Be^thollet's ;{; elaborate 
experiments on the decompo$ition of ammonia by electricity, I 

• Manchester Memoirs, Vol. V. Part II. page. 535, 1785. 
f Annates dc Chemie, Vol. XLII. p. 125, 
X AWmoires de P4cademU, 1785, page 324, 
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was surprised to find that the weiglit of the hydrogene and 
nitrogene produced, rather exceeded than fell short' of that of 
the ammonia considered as decomposed, which was evidently 
contradictory to tlie idea of its containing oxygene. This cir- 
cumstance, as well as the want of coincidence between the 
results and those of Priestley and Van Marum on the same 
subject, induced me to repeat the process *of the electrization 
of ammonia, and I soon found that the quantities of the pro* 
ducts in their relations to the ap])arent quantity of gas de- 
stroyed were influenced by many different causes. 

Ammonia procured over dry mercury from a mixture of 
dry lime and muriate of ammonia, I found deposited moisture 
upon the sides of the vessel in which it was collected, and in 
passing the gas into the tube for electrization, it was not easy 
to avoid introducing some of this moisture, which must have 
been a saturated solution of ammonia, at the same time. 

In my first trials made upon gas, passed immediately from 
the vessel in which it had been collected into the apparatus, 
I found the expansion of 1 of ammonia vary in diffetent In- 
stances from 2.8 to 2.2 measures, but tlie proportions of the 
nitrogene and hydrogene appeared uniform, as determined by 
detonation of the mixed gas with oxygene, and nearly as 1 to 
3 in volume. 

To exclude free moisture entirely, I carefully prepared 
ammonia in a mercurial airholder, and after it had been some 
hours at rest, passed a quantity of it into the tube for decom- 
position, which had been filled with dry mercury. In this case 
50 parts became 103 parts by electrization, and there was 
still reason to suspect sources of error. 

I had used iron wires not perfectly free from rust, for 
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taking the spark, and a black film from the mercury appeared 
on the sides of the tube. It was probable that some ammonia 
had been absorbed by the metallic oxides both upon the iron 
and the mercury, which might again have been given out in 
the progress of the operation. 

I now vised recently distilled mercury, which did not leave 

the slightest film on the glass tube, and wires of platina. The 

ammonia had been exposed to dry caustic potash, and proved to 

be equally pure with that mentioned in page 36. 60 measures of 

it, each equal to a grain of water, were electrized till no farther 

expansion could be produced, the gas filled a space equal to 

that occupied by 108 grains of water. The thermometer in 

this experiment was at 5^6^ ^ and the barometer at 30.1 inches. 

The wire of platina transmitting the spark was slightly 

tarnished.* The 108 measures of gas carefully analyzed, were 

found to consist of 80 measures in volume of hydrogene, 

and 28 measures of nitrogene. 

The results of an experiment tliat I made in 1799/!^ give 
the weight of 100 cubic inches of ammonia, as 18.18 grains 
at the mean temperature and pressure. I had reasons however 
for suspecting that tliis estimation might be somewhat too 
low, and on mentioning the circumstance to Messrs. Allen 
and Pepys, they kindly undertook the examination of the 
subject, and Mr. Allen soon furnished me with the following 
data. ^*In the first experiment 21 cubic inclies of ammonia 
weighed 4.05 grains ; in a second experiment the same quantity 
weighed 4.06 grains, barometer 30.65. thermometer 54,'' 
Fahrenheit.'* 

* This most probably was owing to oxydatioii. When platiiui is made positive in 
the Voltaic circuit in contact with solution of ammonia, it is rapidly corroded, 1 his 
is an analogous instance. 

•\ Researches Cliem. and Phil. p. 62, 
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Mcyw If^^tiie;.,: carr0cM0ii.Sr:- fo^ temperature; .and:;::prassiiT e^be 
.tnadelbrtfe^ese estiinatioos, and a^ meao. taken, ;j-ioa-ciifeio#clies 
^ mxmKmm will •■ weigli 1-8.67 grains,5:baroineter foeing-atgo, 
.and thermometer -at 60° 'Fahrenheit' ; -aiid if the quantity 
used in the experiment of decomposition be calculated upon 
as cubic inches, 60 will weigh 11.2 grains. But the hydro- 
gene gas evolved equal to 80 will weigh 1.93* grains, and 

the nitrogene equal to sS^-f 8.3. And ii.s, grains --^1. 94" 
8,3 = 10.2. and 11.2 — 10.2. = 1, all the estimations being 
made according to the standard temperature aiid pressure* 

So that in this experiment on the decomposition of ammonia, 
the weight of the gasses evolved is less by nearly -ij^ than 
that of the ammonia employed; and this loss can only be 
ascribed to the existence of oxygene in the alkali ; part of 
which probably combined with the platina wires employed 
for electrization, and part with hydrogene. 

After these ideas the oxygene in ammonia cannot well be 
estimated at less than 7 or 8 parts in the hundred ; and it 
possibly exists in a larger proportion as the gasses evolved 
may contain more water than the gas decomposed, which of 
course would increase their volume and their absolute weight.*^ 

In supposing ammonia a triple compound of nitrogene, 

* Lavoisier's Elements, p. 569. A cubical inch of hydrogene is considered as 
weighing .0239. 

t Researches Chem. and Phil, page 9. From my experiments 100 cubical inches 
of nitrogene weigh at the standard temperature and pressure, 29.6 grains. 

J In the present state of our knowledge, perfectly correct data for proportions can- 
not probably be gained in any experiments on the decomposition of ammonia, as it 
seems impossible to ascertain the absolute quantity of water in this gas, for electriza- 
tion, according to Dr Henry's ingenious researches, oiFers the only means known of 
ascertaining the quantity of water in gasses* 
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Iiydrogeii^i^ aii oxygene, i^ is no less easy to give a rational 
account bftlie phMomfita of ^^ M 

tion 5 than iii ie[(>|rt^ the generally receif eii hypothesis of 
it0:^coittp0sitiDn;- 

Oxygiirte>-'hydit>geiie,- and^' ^ ri^ 
in cases in which vdlatile alkali is formed ; and it tisiially 
ippeart ^iMiif the det^ of bodied in which d^ygenrte 

is^'feosely -^itticiied ,-v as 'iti^^^thal'of :i§e'%dmpf liiids'' ^of'oxy gene 
aM-Mtroge!i# ■^tsBolVed^ In 

At common temperatures under favourable circumstances, 
the three elements may be conceived capable of combining 
and of remaining in union : but at the heat of ignition the 
affinity of hydrogene for oxygene prevails over the complex 
attraction, water is formed, and hydrogene and nitrogene are 
evolved ; and according to these conclusions, ammonia will 
bear the same relations to the fixed alkalies, as the vegetable ^ 
acids with compound bases do to the mineral ones with simple 

* 

Oxygene then may be considered as existing iti,jand as 
forming, an element in all the true alkalies ; and the principle 
of acidity of the French nomenclature, might now likewise 
be called the principle of alkalescence. 

From analogy alone it is reasonable to expect that the 
alkaline earths? Ire compounds of a similar nature to the fl^xedl 
alkalies^ peculiar highly combustible metallic bases united to 
oxygene. 1 have triM some experiments upon barytes andf 
sti^ntites ; and they go far towards proving that this must be 
the case. When barytes and strontites, moistened with w^teri^^^^ 
were acted upon by the power of the battery of ^^t^iP^and^^ 
6, there was a vivid action and a brilHant light at lolh points^ 
of communication, and an inflammation at the negative point, 
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In these cases the water might possibly have interfered. 
Other experiments gave however more distinct results. 

Barytes and strohtites, even when heated to intense white- 
ness, in the electrical circuit by a flame supported by oxygene 
gas, are non-conductors ; but by means of combination with 
a very small quantity of boracic acid, they become conductors ; 
and in this case inflammable matter, which burns with a deep 
red light in each instance, is produced from them at the nega- 
tive surface. The high temperature has prevented the success 
of attempts to collect this substance; but there is much 
reason to believe that it is the basis of the alkaline earth 
employed. 

Barytes and strontites have the strongest relations to the 
fixed alkalies of any of the earthy bodies;^ but there is a 
chain of resemblances, through lime, magnesia, glucina, 
alumina, and silex. And by the agencies of batteries suffi- 
ciently strong, and by the application of proper circumstances, 
there is no small reason to hope, that even these refractory 
bodies will yield their elements to the methods of analysis by 
electrical attraction and repulsion. 

In the electrical circuit we have a regular series of powers, 
of decomposition from an intensity of action, so feeble as 
scarcely to destroy the weakest affinity , existing between 
the parts of a saline neutral compound, to one sufficiently 

* The similarity between the properties of earths and metallic oxides, was noticed 
in the early periods of chemistry. The poisonous nature of barytes, and the great 
specific gravity of this substance as well as of strontites, led Lavoisier to the conjec- 
ture that they were of a metallic nature. That metals existed in the fixed alkalies 
seems however never to have been suspected. From their analogy ^'to ammonia, nitro- 
geneand hydrogene have been supposed to be amongst their elements. It is singular, 
with regard to this class of bodies, that those most unlike metallic oxides are the first 
which have been demonstrated to be such. 
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energetic to separate elements in the strongest degree of 
union, in bodies undecoraposable under other circumstances. 

When the powers are feeble, acids and alkalies, and acids 
and metallic oxides, merely separate from each other ; when 
they are increased to a certain degree, the common me- 
tallic oxides and the compound acids are decomposed ; and 
by means still more exalted, the alkalies yield their elements; 
And as far as our knowledge of the composition of bodies 
extends, all substances attracted by positive electricity, are 
oxygene, or such as contain oxygene in excess ; and all that 
are attracted by negative electricity, are pure combustibles, or 
such as consist chiefly of combustible matter. 

The idea of muriatic acid, fluoric acid, and boracic acid con- 
taining oxygene, is highly strengthened by these facts. And 
the general principle confirms the conjecture just stated con- 
cerning the nature of the earths. 

In the electrization of boracic acid moistened with water, I 
find that a dark coloured combustible matter is evolved at the 
negative surface ; but the researches upon the alkalies have 
prevented me from pursuing this fact, which seems however 
to indicate a decomposition. 

Muriatic acid and fluoric acid in their gaseous states are 
non-conductors : and as there is every reason to believe that 
their bases have a stronger attraction for oxygene than water, 
there can be little hope of decomposing them in their aqueous 
solutions, even by the highest powers. In the electrization of 
some of their .combinations there is however a probability of 
success. 

An immense variety of objects of research is presented in 
the powers and affinities of the new metals produced from the 

alkalies. 

G s 



44 Mr. Davy's Lecture on the Decomposition^ &c. 

In themselves they will undoubtedly prove powerful agents 
for analysis ; and having an affinity for oxygene stronger 
than any other known substances, they may ppssi|)ly' super- 
sede the application of electricity to some of the undecom- 
pounded bodies. 

The basis of potash I find oxidates in carbonic acid and 
decomposes it, and produces charcoal when heated in contact 
with carbonate of lime. It likewise oxidates in muriatic acid ; 
but I have had no opportunity of making the experiment with 
sufficient precision to ascertain the results. 

In sciences kindred to chemistry, the knowledge of the 
nature of the alkalies, and the analogies arising in^ consequence, 
will opeii many new views ; they may lead to the solution of 
ittany problems in geology, and shew that agents may have 
operated in the formation of txjcks and earths which ha¥e not 
hitherto been suspected to exi^. 

It would be easy to pursue tbe^peculative part of this 
enquiry to a great extent, but I shall refrain from so occupy- 
ing the time of the Society, as the tenourof my object m this 
lecture has not been to state hypotheses, but to bring ibtward 
a new series of facts. 



